The effects of prenatal exposure to a 'junk food' diet on offspring food preferences and fat deposition can be mitigated by improved nutrition during lactation
Introduction

1
The worldwide incidence of obesity has doubled since 1980 1 and this epidemic has 2 now spread to include women of reproductive age, with greater than 50 percent of 3 women entering pregnancy either overweight or obese 2, 3 . Whilst the causes of this 4 rise in obesity prevalence are multi-factorial, the ready availability of 'junk foods' is 5 an important contributing factor 4 . The term 'junk food' can be applied to a range of 6 foods which are high in fat, sugar or salt, nutrient poor, as well as highly palatable 5 .
7
The consumption of these types of foods during pregnancy and lactation has been 8 shown in animal models to have long term consequences for the food preferences of 9 the offspring. We and others have shown that the offspring of mothers fed a cafeteria 10 diet (a well-established model of junk food feeding in the rodent 6 ) during the 11 perinatal period have an increased preference for palatable foods as adults and also 12 exhibit a greater susceptibility to diet-induced obesity when compared to the offspring 13 of mothers fed a standard diet during the same time frame 7, 8 .
14
The detrimental effects of early life exposure to a cafeteria diet on the offspring have 15 led to a search for interventions to ameliorate these effects 8, 9 . There are currently 16 limited studies which have attempted to separate the effects of prenatal and postnatal 17 exposure to high-fat and high-sugar diets on the early life origins of food preferences.
18
However, the results from these studies have provided evidence that nutritional 19 exposures experienced in utero are likely to have distinct effects on the long term 20 outcomes in the offspring from those experienced during the early postnatal period. In 21 one such study, providing dams who consumed a cafeteria diet during pregnancy with 22 a standard chow diet during lactation blunted the increased preference for fat and 23 sugar in their adult offspring 8 . It has also been demonstrated that providing dams with 24 the cafeteria diet only during lactation also resulted in an increased preference for the 25 palatable diet in the adult offspring 10, 11 . Exposure to a cafeteria diet during lactation 26 has also been associated with increased perirenal fat mass in adult offspring 12 , 27 highlighting the importance of this period not only in establishing the regulation of 28 food preferences but also in the programming of increased adiposity. 
85
Pups remained with their foster mothers until weaning (postnatal day (PND) 21).
86
After weaning, the pups were group housed with same-sex littermates and fed with 87 standard laboratory rat feed until 10 weeks of age (Fig. 1 (Fig 2) . In females, offspring born to JF dams were significantly lighter at 10 175 weeks compared to those born to control dams, independent of dietary exposure 176 during the suckling period (Fig 2) .
177
There was no difference in the intake of the standard rodent feed between groups of 178 offspring from weaning to 10 weeks of age in either males (C-C 1876. of whether they were exposed to the control or JF diet before birth (Fig 3A) . There 207 was no effect of maternal diet during pregnancy and/or lactation on the intake of fat,
208
protein, carbohydrate or total energy in the female offspring (Fig 3B) .
209
Analysis of the intake of specific components of the cafeteria diet showed that in 210 males, intake of hazelnut spread was significantly higher in offspring suckled by JF 211 dams compared to those suckled by control dams, in line with the results observed for 212 macronutrient intake (Fig 3C) . Again, this effect was independent of whether they 213 were born to a control or JF dam. There was no effect of nutritional exposure either 214 before birth or during the suckling period on intake of other cafeteria diet components 215 or standard rodent feed in either males or females (Fig 3C-D) . In the final 4 weeks of access to the cafeteria diet, male offspring suckled by JF dams 221 continued to consume significantly more fat and total energy than those suckled by 222 control mothers, independent of nutritional exposure before birth (Fig 4A) . There was 223 no effect of maternal diet on protein or carbohydrate intake in the male offspring 224 during this 4 week period. There was no difference in macronutrient intake during this 225 period between groups in female offspring (Fig 4B) .
226
Examination of the intake of specific foods, showed that male offspring suckled by JF 227 dams consumed more peanut butter and hazelnut spread but less sweetened cereal 228 than those offspring suckled by control dams, independent of nutritional exposure 229 before birth (Fig 4C) . In females, offspring exposed to the cafeteria diet during the 230 suckling period exhibited an increased intake of the standard rodent feed and hazelnut 231 spread compared to the offspring suckled by control dams (Fig 4D) In contrast to overall growth, exposure to a maternal junk food diet during the 301 suckling period appeared to play the dominant role in the programming of adipose 302 tissue in female offspring. After 3 weeks of free access to the cafeteria diet, female 303 offspring suckled by JF dams had increased fat mass compared to those offspring 304 suckled by control dams, independent of the diet their mother had consumed during 305 pregnancy. Importantly, this occurred in the absence of a higher food intake,
306
suggesting that these animals had an increased propensity to accumulate body fat.
307
This increased susceptibility to diet-induced obesity was not observed in offspring of 308 JF dams cross-fostered onto a control dam, suggesting that the susceptibility to diet-309 induced obesity in female offspring exposed to a high-fat, high-sugar diet before birth can be prevented by nutritional interventions in the early postnatal period.
311
Interestingly, there was no longer any difference between groups after the offspring 312 had been exposed to the junk food diet for the full 10 weeks. This suggests that whilst being exposed to an 'optimal' nutritional environment in the perinatal period may 314 render an individual less susceptible to diet induced weight gain and fat deposition, 315 this advantage is negated by persistent overconsumption of a high calorie diet in 316 postnatal life 19 20 .
317
Maternal junk food consumption during lactation alters the food preferences of male 318 offspring 319
In males, offspring suckled by JF dams had a greater intake of fat, carbohydrate and 320 total energy compared to offspring suckled by control dams when all offspring were 321 the provided with the cafeteria diet in adulthood, independent of whether they were 322 born to a control or JF dam. Importantly, there were no differences between groups in 323 the intake of standard rodent feed during this time, indicating that the increased 324 energy intake was the consequence of increased consumption of the cafeteria diet (i.e.
325
an increased preference for this palatable diet). We chose to measure food preferences 326 in the animals home cage, rather than a metabolic chamber in this study, due to the 327 potential impact of the stress associated with moving the animal to an unfamiliar 328 environment on habitual food intake. However, it will clearly be important in future 329 studies to confirm our findings by conducting more intensive monitoring of metabolic balance 330 in the offspring. 331
Maternal consumption of a palatable diet throughout both pregnancy and lactation has 332 been shown to induce hyperphagia in the adult offspring 21 and increase offspring 333 preference for a cafeteria diet 7, 8 . This is the first study; however, to demonstrate that provided the offspring with access to a high fat diet, and therefore were not able to 341 determine food preferences.
342
There was no significant effect of exposure to a cafeteria diet either before birth or 343 during the suckling period on macronutrient intake in adulthood in female offspring in 344 the present study. This is somewhat different to the results of our previous study, in The effect of maternal cafeteria diet consumption on insulin concentrations in the . 27 It appears that in females, but not in males the effects of exposure to a cafeteria diet before birth on the development of glucose homeostatic pathways 379 cannot be reversed by nutritional interventions applied in the early postnatal period.
380
Summary and speculation
381
The present study is the first to show that exposure to a cafeteria diet exclusively 382 during the suckling period is able to program an increased preference for fat and an 383 increased susceptibility to diet induced obesity in the offspring to the same extent as 384 exposure throughout the entire perinatal period. Importantly, these data suggest that interventions aimed at 'reprogramming' the offspring may need to be sex-specific.
391
We speculate that these sex-differences may be a consequence of differences between 392 sexes in the timing of development of key metabolic systems, and this will be 393 important to further investigate in future studies.
394
It is important to exercise caution when extrapolating these results to the clinical From 10-16 weeks of age offspring were given access to both the control and junk food diet for the determination of food preferences. 
